Rare cancers are not so rare, their incidence is increasing and, as a group, they have worse survival than the common cancers. These factors emphasise the societal need to ensure sufficient focus on research into their biological basis, aetiological factors, new more effective therapies and organisation of healthcare to improve access to best practice and innovation.
Introduction
The increasing incidence and effects of cancer have led to greater use of cancer registries to understand the opportunities for intervention and the development of screening and research programs for cancer prevention. These initiatives have resulted in improvement of cancer detection, diagnostics, treatment, follow-up and research. However, these advances have not been applied to the same extent across all cancer types and patient groups. For rare cancers, because the number of patients is low, there is insufficient focus on accurate and timely diagnosis, effective treatment modalities and evidence based guidelines. Additionally, funds for research on rare cancers are limited and it is complex to perform clinical trials due to the lack of adequate sample sizes [1] .
The principles of evidence based medicine (EBM) are relevant to all types of diseases including uncommon and rare cancers. In EBM, there is a rather clear hierarchy of evidence in which the highest form is the randomised controlled trial -the RCT. The randomisation assures that both known and unknown confounding factors are evened out between groups, and the control treatment assures that the intervention is different than the natural progression. Despite the strong evidence that they create, RCTs are very expensive and generally cumbersome. The logistics of an RCT are challenging, the recruitment process complicated, staff need to be trained and the study sites monitored. Observational studies on the other hand, are less expensive, but create weaker evidence. They are generally placed much further down the evidence ladder as, without randomisation, tests of efficacy are deemed less credible. However, they have the advantage that they recruit a much broader range of patients who more closely reflect the 'real world' of clinical practice. Through collection of detailed data on treatment and outcomes, such observational studies have the potential to demonstrate population impact of new interventions. Such an approach can be of particular interest in rare cancers.
Until recently, no universal definition of rare cancer existed. The RARECARE group from Europe proposed a practical definition of 'rare' as a cancer with an incidence rate of <6 cases per 100,00 population per year [2] . This group produced a list of clinically relevant, histologically defined cancers (almost 200). The rare cancer list proposed is based on the International Classification of Diseases for Oncology (ICD-O, 3rd version), the classification of tumours recognised worldwide. Rare tumour entities are relevant for clinical decisionmaking and clinical research, while families of tumours are relevant for organisation of health care. In the era of molecular targeted therapies, the molecular profile will also be relevant.
Indeed, genetic and molecular profiling of common cancers can partition these into rarer subgroups and international agencies that preside over such classifications are constantly updating them. However, these 'rare' subgroups of commoner cancers often have mechanistic evidence for a therapy based on the molecular target that defines them. Hence, their therapeutic and research needs are somewhat different to the individually rare cancersThe key figures of rare cancer burden in EU during 2000-07 were the following: 24% of all new malignancies and worse survival than common cancers [3] . In the US, approximately 20% of patients were diagnosed with rare cancers and 70% occurred in children and adolescents [4] . The worse 5-year relative survival (55% for rare cancers vs 75% for common during 2009-13 in USA and 49% vs 63.% during 2000-07 in EU) is more pronounced in adult patients and probably linked to a more advanced stage in rare cancers (59% 5-year relative survival for rare cancers vs 45% for common in USA) [3, 4] .
These data provide a clear picture of the global situation for rare cancers and emphasise the need to use detailed 'real world' data collected as a joint effort between national populationbased cancer registries and clinical registries, and routine health care data. By merging all this information, we should be able to conduct clinical outcomes research in an efficient way and to provide results that are relevant to all patient groups affected by the selected cancer type, rather than just those eligible for entry into clinical trials.
Herein, we describe the barriers in the development of evidence-based medicine and the possibilities of strong development in research and clinical investigations by using rare cancer examples. These illustrations and modalities to develop research in rare situations should be considered for all type of cancers since the concept of rare cancer is evolvingthe genetics/unique biological features of a tumour may reveal a rare subtype of an otherwise 'common cancer' (i.e. lung, breast, colon).
The following examples illustrate the heterogeneity of rare cancers, as well as the different clinical contexts, incidence rates ( Figure 1 , Table 1 ) and the latest therapeutic progress: -Childhood cancers: the care of children with cancer is based on decades of collaborative clinical trials, organised on a national or international level. All childhood cancers are currently defined as rare. This has led to long-term overall survival rates in excess of 80% in high income countries, but with variations ranging from 5% to >95% according to individual subtypes of childhood cancer [5] . Therein lies the challenge -further optimisation of therapy for those with a 'very good' prognosis on current standard therapies is increasingly difficult as the expected number of events reduces and sophisticated risk-stratification yields smaller subgroups [6] .
-Haematological malignancies in adults (20% of incident rare adult cancer): a greater understanding of their biology and hence how they may be treated. Two rare leukaemia types (acute promyelocytic leukaemia and chronic myeloid leukaemia), which have poor prognosis when treated with cytotoxic chemotherapy, are now considered to have very favourable prognosis with targeted therapies [7] . broad categories soft tissue sarcomas (STS), and sarcomas of the bone. They account for only ~1% of all adult solid malignant tumours, yet represent more than 70 distinct tumour subtypes. Obtaining the correct diagnosis of specific subtypes of sarcoma is becoming increasingly important in delivering optimal medical care [8] .
2 Uncertainty in the diagnosis, in the treatment: 'intrinsic lack or defect in evidence': limited patients and scarce high-level evidence literature For most rare cancers, research to identify causes (aetiology) or to develop strategies for prevention or early detection is limited or non-existent [9] . Even when a specific molecular defect underlying a particular rare cancer is discovered, it can still be challenging to get a quick and certain diagnosis. Finally, standards of care derived from RCTs are not available for the majority of them and treatment options for the patient could be less effective, partly due to the non-availability of high grade evidence studies.
Several studies have reported the frequency of histological diagnostic inaccuracies in rare tumours. For sarcomas, the study carried out by the Conticanet network on three European regions quantified the problem. This study was carried out on a complete series of tumours, collected through regional networks. All the tumours diagnosed and tumours suspected of corresponding to a sarcoma were reviewed by a panel of national and international expert pathologists. Significantly, the centralised review corrected diagnostic inaccuracies in a significant proportion of cases. Fifty per cent of the cases for which the first pathologist was uncertain about the diagnosis and requested a second opinion, were assigned a classification. Discrepancies were related to benign versus malignant, diagnosis of carcinoma versus sarcoma, and the incorrect diagnosis of histological subtypes and grade [10] . Requests by the primary pathologist involved about 30% of patients. Of course, these diagnostic parameters have a major influence not only on the subsequent therapeutic management but also on the interpretation of clinical research and the evidence base.
Indeed, without centralised review, up to 28% of patients with rare tumours included in clinical trials may be misclassified, as published evidence on this in sarcoma and lymphomas ( [11] [12] [13] ). The centralised review of the diagnosis, implemented in clinical trials of rare tumours in many groups, including the European Organization for Research and Treatment of Cancer (EORTC), is therefore an essential tool for obtaining quality data. Another consequence of this misclassification concerns etiological research in case-control studies (the most frequent design in rare cancers), and underlines the need to carry out new studies with a correct inclusion of cases after central review.
The particularities for rare cancer impact directly on the patients for whom no 'standard of care' treatment exists, and so the first objective should be to devise an optimal treatment plan.
In theory, the same rules should apply for the definition of standard treatments in both rare and frequent tumours. For rare tumours, therapeutic standards have often been implemented from studies without a control arm or from RCTs whose small patient numbers mean they are underpowered to detect any differences [14] . The therapeutic standards are thus based on more 'fragile' criteria. It is not uncommon that no therapeutic standard is available in the absence of previous clinical studies.
Under these conditions, therapeutic 'standards' are applied to the patient with a significant amount of uncertainty. The definition of standard treatment against which to compare the new treatment in a clinical trial is confronted with the same level of uncertainty, and, often, this standard arises from expert consensus whose scientific basis remains low. Even so, international and national societies have developed, diffused and updated clinical practice guidelines (CPGs) for rare tumours: from diagnosis to care practices and treatment [15, 16] .
However, poor or moderate adherence with these clinical practice guidelines is frequently reported. For example, in STS, we observed low adherence regarding three fundamental elements in care management [10] : receiving histological diagnosis before surgery, adequacy of histological diagnosis and multidisciplinary discussion before surgery.
As a results of accumulation of defects in the detection, diagnosis and treatment, recent data revealed worse survival for rare cancers with differential situations for type of cancer, for age of patients or for stage at presentation [17] . EUROCARE has published substantial regional differences across EU countries in survival from rare cancers for which there are no effective treatments (e.g. mesothelioma), suggesting variations in the quality of diagnosis and follow-up. For rare cancers that respond well to treatment, differences in regional survival are possibly attributable to variations in treatment quality and availability or to cancer awareness in the population. Geographical variation in survival for these cancers might therefore reflect differences in the use of effective treatment protocols.
In response to questionable access and care management for rare tumours, several countries implemented specific actions according to specific rare cancers in national plans, e.g. threshold activity volumes for care management, secondary histological review and access to specialised national multidisciplinary teams or reference centres. Moreover, in some countries, rare cancer patient advocacy groups, such as Cancer 52 in the UK [18] and specific rare tumour groups and ECPC together with the RARECAREnet in the EU [19, 20] have made efforts to improve patient information and access to services.
In March 2017, the European Union approved the launch of the first tranche of European Reference Networks (ERNs), part of a broader cross-border healthcare initiative to provide access to highly specialised diagnosis, treatment and advice for the 30 million citizens estimated to be affected by rare or low prevalence complex diseases. Three European Reference Networks cover all childhood cancers (ERN PAEDCAN) [21] , all rare adult solid tumours (ERN-EURACAN) [22] and haematological malignancies (EUROBLOODNET) [23] .
These aims to facilitate management of rare cancers by provision of 'virtual' multidisciplinary tumour boards (MTB), clinical guidelines, training and stimulating research and innovation ( Figure 2 ). In general, it is anticipated that the knowledge travels rather than the patient, though cross-border movement may be needed for a patient to access a particular complex therapy that requires concentrated expertise.
3 Why is it essential to give priority to evidence-based care in rare cancer?
The biology of rare cancer
Although most basic research and clinical trials, at least in adults, have historically focused on common cancers, it can be argued that a disproportionately large amount of understanding of cancer biology has come from the study of rare cancers [24] . The relatively recent and remarkable example of adult chronic myelogenous leukaemia has demonstrated how such biological knowledge can dramatically shorten the time taken from discovery of a targeted therapy to its use as standard of care [7] .
Large-scale efforts, including the International Cancer Genome Consortium, the Cancer Genome Atlas, and the Cancer Genome Project, have catalogued genomic alterations in different cancer types and have provided the impetus for systematically incorporating molecular subclassification of cancer into histopathology and recognition of the common drivers of some rare entities Rare cancers show some of the highest response rates, likely due to the identification of oncogenic drivers with little inter-patient variability [25] . As such, the imatinib story is remarkable. Imatinib is best known for revolutionising the outcome of chronic myelogenous leukaemia (CML), a rare illness whose hallmark is an aberrantly activated BCR-ABL fusion protein. Imatinib was designed to target this aberrant protein. Because of imatinib (as well as second generation BCR-ABL inhibitors), the median survival of patients with CML has increased from about five to more than twenty years. Imatinib is also effective in and approved for gastrointestinal stromal tumours, an uncommon type of neoplasm that usually carries a KIT mutation targetable by imatinib, and which was notoriously refractory to chemotherapy.
Advances in cancer biology and genomic technology have not only led to the definition of various molecularly defined rare cancers, but also are reshaping the focus and practice of drug development [24] . Molecular alterations identified in rare cancers can help with diagnosis and represent potential treatment targets. However, diagnostic entities are evolving rapidly, making consistent case identification difficult and confounding attempts at systematic data collection. Molecular sub-classification can be further extended to include host factors such as expression of immune markers and cell infiltrates, which are of great interest because of the emergence of immunotherapies [26] .
In this context, it makes sense to develop, at national and international levels, molecular analyses on each rare cancer at the time of first diagnosis, in order for the best molecular match to guide a management plan. Likely prognosis and the most appropriate management and treatment may be better estimated than from our current anatomical and histological characterisation.
From national cancer plans, international research collaborations and community commitment
In numerous countries, national cancer plans have encouraged collaborative research and guided the development of optimal care management for common cancers and rare cancers.
Several national initiatives to organise care and research for rare cancers are currently operational, some for several years. As recently underlined [17] , in France, a specific plan of action is dedicated to the development of specialized expert centres for rare cancer patients, labelled 'reference centres for rare cancers'. This organisation implements the creation of a network of regional centres for rare adult cancers referred to as national 'expert centres' (reference centres). Although some national reference networks have very strong coverage, like in France [27] , with over 70% of new patients discussed at a referral MTB or recorded in the corresponding databases, other have still insufficient coverage. The organisation for rare cancers with discussion of files at a referral MTB and/or recording of cases in national databases act as a lever for encouraging clinical trials and facilitating access to innovative treatments. In clinical research, the International Rare Cancers Initiative (IRCI) was formed in 2011 as a partnership between several national organisations to stimulate and facilitate the development of international clinical trials for patients with rare cancers [28] [29] [30] . The IRCI focuses on interventional (usually randomised) clinical trials aiming to improve outcomes for patients. The objective of this initiative has been to facilitate the development of definitive treatment clinical trials for cancers that otherwise could not be addressed within individual regional catchments. Specifically, the initiative has focused on cancers with an incidence of less than 3 per 100,000 persons/year, for which no other international forum performs a coordinating function and for which treatment is not currently guided by strong evidence.
Coordinated approaches for cooperative clinical trials therefore need to be improved in 2017.
Finally, the role of patient associations in this process is important and needs strengthening, particularly the role in guiding the patient to reference centres and clinical trials. Patient advocacy groups have additional means of communicating with patients and their families, and through these communications they have the potential to speed dissemination of information on emerging cancer therapies. New social media platforms now enable virtual patient aggregation on an larger scale as showed by Katz [31] . Face-to-face groups exist for many rare cancer types and could become a tool to accelerate clinical trials enrolment in these rare cancers.
The above ambitions are already being realised in the pilot European Expert Paediatric Oncology Reference Network for Diagnostics and Treatment, ExPO-r-Net [32] , which was the forerunner for the development of the PaedCan ERN [21] .This pilot project established 'roadmaps' for four indications (retinoblastoma, liver tumours, renal tumours and very rare childhood cancers) that identified referral 'hubs' to provide highly specialised care and coordinated multidisciplinary advice for these rare cancer types that individually affect less than 1 per 100,000 young people per year.
Potential sources of relevant data for evidence-based practice and medical decisions
Studies of rare tumours present many challenges. Funding is limited; the pharmaceutical industry initially had little incentive to develop drugs for rare cancers; patient accrual to trials is frequently prolonged; there is no consensus about the most efficient clinical trial design methodology; and national regulatory requirements currently significantly impair the ability to conduct international trials. Rare cancer Europe recommendations [33] proposed several elements for improving clinical studies in rare cancers. In their basic considerations, they saw that the possible innovative solutions in designing trials may imply a price to pay in terms of higher uncertainty. Others underlined that all available data should be considered when establishing the efficacy of an intervention because data generated in rare cancer trials are generally less robust than those in studies of uncommon cancer [1] .
'Traditional' evidence-based data

From RCTs
The term medicine-based evidence was coined to describe a rigorous and patient-centred approach to evaluate data. It recognises that RCTs may not always yield higher-quality evidence than observational studies, and/or provides high-quality evidence where RCT data are lacking. Evidence synthesis as trial meta-analyses are also less frequent in the context of scarce data. Thus, defining treatment standards for rare cancers (or rare subsets of cancers) remains a challenge. If a RCT cannot be finished how does one establish practice-changing results? [34] .
Although single arm, non-randomised trials may be feasible and even lead to drug approval in rare and molecularly defined cancers, as outcomes improve and more treatments become available, there will remain a need for RCTs to compare the emerging available drugs and strategies. At the present time, few rare cancers can be treated by therapies backed by evidence gathered from RCTs. To compare therapies for many of these cancers would require trials on an international scale to gain sufficient statistical power. Such international clinical trials would accrue participants faster and offer lower collective administrative costs than would local or regional trials, and collaborating investigators could capitalise on shared infrastructure, centralised resources, and existing networks. Despite their potential advantages, however, financial, logistical, and regulatory challenges make international trials challenging [25] . In a methodological review of existing literature for rare diseases, two types of innovative methods were identified: methods minimising trial samples size and methods maximising the number of on-treatment participants; for observational data, propensity scores and self-controlled design were the more used in the literature [35] . More recently, Parmar and colleagues presented solutions for designing randomised trials when the ideal sample size is considered larger than the number of participants that can be recruited in a reasonable time frame [36] . This article provides a systematic approach to clinical trial design and outlines a framework that sets out a series of considerations for the team designing a trial. It encourages a period of constructive deliberation about the various design elements, each of which is carefully reconsidered. Other approaches with flexible rules have been described or recommended for rare cancers at international level [28, 33, 37, 38] including the Bayesian design, optimized external control group, adaptive design, or seamless phase II/II trials. Considering the endpoints of main analyses, using composite or surrogate endpoints (even if not validated) is suitable for some, as are the continuous measures of outcome, which can have greater statistical power than an associated dichotomous variable (eg. change in tumour size versus tumour response) [33, 35, 37] . Besides the design and endpoints elements, it is crucial in rare cancer trials to minimise missing data and protocol violations [37] .
Finally, the major problem with RCTs is the lack of external validity of the results due to the restricted selection of patients and the low rate of participation in clinical trials.
In paediatric cancers, all of which are individually rare, much progress in improving survival rates has been made over the last several decades, through multinational co-operative group trials. Whilst many RCTs have been conducted to optimise the use of currently available chemotherapy drugs, similar levels of improvement in survival have been achieved through single arm studies, particularly in the very rare cancers such as hepatoblastoma [6, 39] . The cited review includes the perspective of parents and highlights the logistics and ethical issues involved in improving recruitment to clinical trials for cancer in children. In tumour types where individual countries or centres see only a handful of new cases a year, it often occurs that the local clinicians will use the standard arm of these trials as current 'best practice', without formally registering the patient or their data into the trial database. Whilst such practice is understandable, it has the disadvantage that rare patient data are not collected or usable for benchmarking. The value of having detailed information on patient and tumour demographics in a single international database can be demonstrated by a recent comparative analysis of outcomes of children with Wilms tumour treated in the same clinical trial conducted in Germany and the UK and which recruited >90% of the incident patient population in both countries [40] . The combination of material for biological studies with clinical information has allowed interrogation of the reasons for a small survival difference between the two countries. The authors suggest that health service factors affecting early recognition of childhood cancer in primary care may be main reason for the observed differences.
….To real world data
Approaches to summarize available evidence should be encouraged for rare cancers [41] .
They should enable taking account of all available knowledge, which is particularly critical when direct experimental evidence is scanty or of suboptimal methodological quality. The principles of systematic reviews should be followed. In addition to RCTs, also uncontrolled trials, as well as observational studies should be considered when summarising the available evidence. Observational data can provide essential elements to measure effectiveness, the translation of efficacy in the real world (real word evidence) [42, 43] . The major problem of these data is the internal validity but not the external. By using some large observational databases (such as cancer registries and cohorts and clinical registries, i.e hospital registries), it is possible to have valuable informative data providing the natural history and treatments of rare cancers [37] , as emphasised in a recent editorial [44] , for the Metasarc database [45] . In this example, the results among STS patients showed that combination of chemotherapy improves survival in initial treatment. The hazard ratio in Judson and colleagues' RCT was identical, but the trial was not powered to affirm significant results [46] .
On the other hand, as recently reported [8] , useful data were available by using rare cancer network, which collects information for care management systematically. In a network of reference centres for sarcoma patients, the authors assessed the outcome of 26,883 patients discussed in these MTBs. The NetSarc database includes patient characteristics, treatment and diagnostic procedures, as well as survival and progression rates. Relapse rates in this large real-life series of 26,883 sarcoma patients of the NETSARC network were higher than those in previous reports. Presentation in an MTB prior to first treatment is a major parameter associated with lower rates of relapse. It is essential to consider these results when we compare the results in an international STS trial, because the consequences are that STS patients managed in reference centres have a lower risk of relapse before the inclusion in any clinical trial.
The European Commission's initiative to establish Expert Reference Networks (ERNs) to improve care for patients with rare or low prevalence, complex diseases, will also stimulate clinical and translational research into rare cancers. The three ERNs that encompass haematological and solid tumours in adults and children are in the process of establishing virtual tumour boards for cross-border discussion of rare and complex cases that will also build libraries of knowledge about treatment choices and outcomes and facilitate the necessary multinational level of research.
Statistical methods such as the well-known propensity score allow taking into consideration the selection bias in the comparison of different therapeutic strategies in observational studies [47] . Recently, Nussbaum et al used this approach in the US cancer national database to study the effect of radiotherapy on overall survival in patients with retroperitoneal sarcoma [48] . This question is presently addressed in a European Organisation for Research and Treatment in Cancer randomised study, comparing surgery alone, as the present standard of care, with preoperative external beam radiotherapy and surgery, as the experimental arm. For others, the retrospective, multi-institutional nature of this study without restriction to high-volume centres and with its acknowledged paucity of data about key aspects of sarcoma care such as surgical technique and margin status, is a massive limitation to the results [49] .
As underlined by Billingham and colleagues [37] , the next generation of large observational databases is likely to arise from the evolution of electronic patient records and should overcome the diversity of platforms between medical institutions. The final step will be to incorporate the data from research units (-omics data) and from administrative institutions (cost data).
And the right and big place of population-based cancer registries and international collaborations
The European Union Joint Action on Rare Cancers [50] aims to improve knowledge and quality of care for patients with rare cancers. This initiative includes collaborative research, guideline development and access to appropriate expertise that will be implemented through the relevant European Reference Networks.A major focus is to improve epidemiological surveillance of rare cancer entities and to enable population-based cancer registries to explore methods for efficient linkage to the increasingly rich datasets that exist in routine health care data, including molecular risk stratifications. Harmonised definitions of new data items and closer working with translational researchers to link patient outcomes to genomic information will be developed to enable the ERNs to establish the 'real world' benefits of more personalised, 'precision medicine' therapeutic approaches in rare cancers. A complementary approach to improving outcomes is illustrated by the International Cancer Benchmarking Partnership [51] . Here, eight countries collaborate to generate comparable data on public and patient awareness and diagnostic pathways from primary care to understand variation in survival, including outcome by tumour stage [52] . Whilst currently focussed on common cancers, this approach to benchmarking metrics that cover the entire patient pathway, including treatment and expected [52] [53] [54] From rare data to potential big data of rare tumours Biomedical big data is characterised by its size, variety of data sources and complexity.
Today, the most popular definition of Big Data is the 5Vs, which are Volume, Velocity, Variety, Verification/Veracity, and Value. Big Data methods allow researchers to maximise the potential of existing data and enable new directions for research [55] . In oncology, the main challenge is for investigators to harness the power of Big Data to advance basic and clinical research whose goal is to discover novel ways to increase cancer cure rates and/or decrease treatment toxicity [56] . Big Data analytics covers collection, manipulation, and analyses of massive, diverse data sets that contain a variety of data types including genomic data and EHRs to reveal hidden patterns, cryptic correlations, and other intuitions on a Big Data infrastructure.
The generation of big data in cancer comes mainly from the high-throughput technologies used to study the 'omics sciences. Genomics concern genome sequence, structures, mutations, repeat contents and evolution. The next-generation sequencing (NGS), or highthroughput sequencing, is a technology that allows DNA and RNA sequencing much faster and cheaper than previously used methods.
To take medicine-based evidence in oncology to the next level, larger, comprehensive registries and big data are needed and will require appropriate funding.
The extraordinary potential of NGS technology makes it possible for rare cancer types to be divided into molecular 'subsets' for more accurate study. This may, paradoxically, reduce the ~200 rare cancer subtypes identified by RARECARE, to a more manageable number of 'molecular' groupings, providing some context as to prognosis and treatment direction for those patients for whom we currently have little in the way of evidence-based guidance.
Many common cancers types may also become 'rare' by molecular association, as has been described above for molecular subsets of melanoma and lung cancer. Is genomics making rare cancers common and common cancers rare? (Sarcoma versus Colorectal cancer).
There is currently a huge volume of data sets that group information on cancer genome, transcriptome, clinical data and more. The challenge of big data in cancer is to integrate all this diversity of data collections into a unique platform. The possibility of harnessing information from all the accumulated data leads to an improvement in cancer patient treatment and outcome. A remarkable example is the big-data project CancerLinQ, from ASCO, that will allow patients and physicians to share information about treatments and outcomes [57] . It creates a continuous cycle of learning that begins and ends with the patient. One very important point is that patients are anonymised in databases to protect their identity. Patients and their doctors can contribute and gain from the accumulated information present in the database. For example, a type of cancer with a particular genetic mutation is found to develop resistance to a targeted therapy. The shared information can prevent the physician from using the same drug in another patient with the same mutation.
Current challenges to develop evidence based medicine in rare cancer
RCTs are difficult to activate, and even more difficult to successfully complete, in rare or molecularly-defined cancers. Many have proposed different approaches for the future. For molecularly-targeted therapies, clinical trials based on cognate genomic aberrations should be the preferred pathway. For multimodality organ site-specific therapies, including surgery, medical therapies, and/or radiation therapy, open-ended single arm trials, or carefully performed prospective registry studies, are most likely to lead to new treatment standards.
The challenge for cancer research is to better explore all data sets from tumour biology and clinical information about patients. This necessitates of an agreement on how these data are represented and accessed. Without such standards, the ability of both researchers and clinicians to make the best use of these data is severely limited.
Molecular challenges for trial design: basket and umbrella design and other platforms protocols
The clinical research community has generated novel trial designs including multiphase, multigroup adaptive, umbrella and basket trials with several defined cohorts for the testing of targeted therapies [58, 59] . Such trials increase efficiency by providing opportunities to assess several drugs simultaneously within cohorts of patients with histologically and molecularly defined cancers. The cohorts can be modified with time depending on the drugs' activities. Regulators and funders of clinical trials seem to be open to novel trial designs to speed up assessment and time to approval, and willing to accept post-marketing assessments to generate additional safety and effectiveness data.
The 'basket trial' approach seems appropriate to develop drugs in rare cancers. Indeed, based on the observation that rare cancers show some of the highest response rates to molecularly targeted therapies, a more efficient way to study rare cancers is to use molecularly defined, histology-diagnostic trials designated as 'basket' studies. Such trials might include patients with a wide variety of histologies. An extension of the basket trial is the simultaneous study of multiple drugs/multiple histological subtypes, such as the one proposed in the Molecular Analysis for Therapy Choice (NCI-MATCH, NCI-COG) project for adults and children [60] . NCI-MATCH will prospectively enrol about three thousand patients who have progressed on at least one line of standard therapy. Patients will undergo a research-related biopsy for molecular tumour analysis, which will be performed in specified reference laboratories. At least twenty-five percent of the screened population will consist of patients with histologically rare cancers; genetic variants of common cancers do not count towards this number. The trial aims at developing a longitudinal cohort of patients with multiple histologies who can be matched to one or more embedded single arm drug trials.
Each trial will have dual objective response rate and progression free survival as the primary endpoints.
Data sharing, data harmonisation and standardization
Despite much progress, genomic and clinical data are still generally collected and studied in silos: by disease, by institution, and by country. Regulatory data-privacy requirements do not seamlessly lend themselves to the secure sharing of data within and across institutions and countries. Tools and analytical methods are non-standardised and incompatible, and the data are often stored in incompatible file formats. The volume of existing data is enormous and growing very fast. It is necessary to be able to exploit these existing data, asking complex questions to identify new knowledge [56] . Data standards in cancer research have evolved considerably in the past decade. Rapid developments in tumour classification and drug discovery are now overtaking the rate at which they are adopted into traditional vocabularies such as the International Classification of Diseases for Oncology. The evolution of clinical data standards has been taxonomised by medical informaticians from as early as the 1990s, covering a broad range of semantic and syntactic transitions. As databases rely on the accurate classification of data, changes have substantial effects in the way databases are modelled and structured, and subsequently in how they are queried. Therefore, current databases have a strong need for cancer ontologies that can standardise data accurately.
The standards for electronic data recording provide the basis for standard medical ontologies including the Systematised Nomenclature of Medicine Clinical Terms and the Health Level Seven International protocol as well as cancer-specific ontologies. To conform to these standards, a metadata model is typically constructed for the data set. The construction of metadata is an often laborious, costly and time-consuming step in database development and requires careful planning, evaluation of the research protocols involved in the study, consultation with end-users of the database, and in the case of multiinstitutional studies, examination of the legacy data models already in place in each institution [61] . Many of the proposed solutions have been generated through open-source initiatives and have been instrumental to the development of cancer databases. However, previous audits of commonly used cancer ontologies have shown that they are far from perfect.
The need of the large Biobanks
In the last 10 years, several countries have set up large scale cohorts of volunteers from specified age ranges drawn from the general public, to underpin research into disease susceptibilities and associated life-style factors. Blood samples and additional phenotypic assessment data are taken at the time of obtaining consent for lifetime follow up through health record linkage. An example is the UK BioBank, whose resources have supported 162 cancer related studies to date (out of 846 received) [62] . Whilst many of these are epidemiological in nature, the increasing availability of potentially linkable data sources such as ongoing medical prescriptions, shopping and exercise habits, means that modifiable lifestyle factors could be interrogated in the future. The Rare Cancers Europe initiative [63] provides policy and educational recommendations for standardising diagnosis and treatment and advocates for new approaches to research, including adaptive clinical trial designs and collaborative biobanks for medical research as crucial to advancing the development of new treatments in rare cancers. These should be maintained by dedicated personnel in a centralised way, to realise good quality control, proper access, regulatory and ethical competence and harmonisation and standardisation. Currently, major obstacles have to do with data protection. While data confidentiality needs to be protected by putting in place all reasonable available means, the right of patients to donate their tissues for research, if they will, should be protected as well. The patient should be able to give a 'broad consent' for his/her data and tissues to be used for research purposes by the treating institutions, avoiding the need to re-consent whenever a new retrospective research is decided. Of course, proper ethics and scientific reviewing mechanisms for new researches should be in place.
Conclusion
Regardless of whether a disease is rare or common, it is important to consider the totality of the research evidence in order to determine true findings vs false findings. RCT are always desirable to answer the uncertainty related to a treatment efficacy but other ways can be developed as underlined in this work. Continued advances in accurate diagnosis of rare cancers and in clinical and translational research aim to improve treatment through a more biology-driven approach. There are several examples that illustrate the development of major innovative therapies using this approach. As it becomes progressively easier to collect vast amounts of disparate personal health-and population-related information on a global scale, the real challenge will be to curate, store, federate, integrate, share, mine, interpret, and transform these extensive heterogeneous data into scalable and reliable medically actionable resources. International collaboration is mandatory to reach these objectives and is ongoing through several initiatives for rare tumours. Even though methodological difficulties remain, the means required to overcome the obstacles are now visible. OS in childhood is nearly equivalent to relative survival since competing risks of death are almost negligible [5] .
